Background: Clinical teaching evaluations are common in health profession education programs to ensure students are receiving a quality clinical education experience. Questionnaires students use to evaluate their clinical teachers have been developed in professions such as medicine and nursing. The development of a questionnaire that is specifically for the osteopathy on-campus, student-led clinic environment is warranted. Previous work developed the 30-item Osteopathy Clinical Teaching Questionnaire. The current study utilised Rasch analysis to investigate the construct validity of the Osteopathy Clinical Teaching Questionnaire and provide evidence for the validity argument through fit to the Rasch model.
Background
Clinical teaching influences the development of clinical and patient management skills students need for competent, safe and effective practice. At present, little is known about clinical education in osteopathy in nonUnited States teaching programs beyond the commentary on one Australian osteopathy program by Vaughan et al. [1] . These authors postulated that Collins' cognitive apprenticeship model [2, 3] could account for a number of aspects of the student-clinical teacher interaction within a student-led clinical environment.
Osteopathy students undertaking their clinical education in Australia, New Zealand and United Kingdom are in their final years of training and are responsible for the management of patients under the supervision of a qualified osteopath ('clinical teacher'). Clinical education in osteopathy is typically undertaken in a student-led, on-campus clinic environment -in the Australian context. Allan et al. [4] referred to these as 'university clinics'. These clinics provide students with an opportunity to develop their work-readiness, and practice the application of skills and knowledge acquired in the classroom in a supervised environment. In osteopathy clinical education, each clinical teacher typically supervises between 5 and 7 students at any one time [1] however this may be up to 10 students in some instances [5] . The evaluation of this teaching is important to ensure students receive appropriate clinical skills education and development. Systematic reviews of questionnaires to evaluate clinical teaching have been undertaken [6, 7] . These reviews have identified a substantial number of questionnaires with varying degrees of evidence of their validity or reliability. The statistical approaches to the development of these questionnaires are also variable. Both systematic reviews reported 'factor analysis' was used in the development of many of the questionnaires. It was not clear what methods were employed in all instances however it appears that Principal Components Analysis (PCA) was typically used. This was potentially due to convenience [8] (e.g. PCA is the default analysis in SPSS), or following how other researchers have developed clinical teaching evaluations [8] , or a genuine desire to retain explained variance. Whilst PCA can be an effective approach to retain the least number of items to explain a substantial portion of the variance [9] [10] [11] [12] , the models produced often do not fit those generated by more advanced statistical techniques [13] . Extraction methods such as Principal Axis Factoring and ordinary (unweighted) least squares (OLS) are more appropriate than PCA [11] , the latter (OLS) being particularly suitable for ordinal data that is typical of self-report questionnaires. In the last five years, researchers have used these Exploratory Factor Analysis (EFA) and Confirmatory Factor Analysis (CFA) approaches in the development of questionnaires to evaluate the quality of clinical teaching [14] [15] [16] .
Previous work has developed the Osteopathy Clinical Teaching Questionnaire (OCTQ) [16] . The OCTQ is a 33-item questionnaire (30 items and 3 global rating items) designed to evaluate the quality of clinical teaching in on-campus, student-led osteopathy teaching clinics. Work undertaken thus far has provided evidence for the validity argument for the OCTQ through item development and EFA. The use of modern test theory [17] approaches for questionnaire development is particularly relevant in health sciences education and clinical research [18] [19] [20] [21] , where there is a desire to measure attitudes and abilities. The current study is the second to employ Rasch analysis in the ongoing development of a clinical teaching quality questionnaire, the other being that by Winstanley and White [22] in a revision of the Manchester Clinical Supervision Scale (MCSS). The aim of the current study was to explore the construct validity of the OCTQ by using Rasch analysis. Consistent with Kane's approach to the development of a validity argument [23] , the present study also aims to provide further evidence for the validity of the scores derived from the OCTQ.
Methods
The study received ethics approval from Victoria University (VU) (Australia), Southern Cross University (SCU) (Australia), Unitec Institute of Technology (New Zealand), and the British School of Osteopathy (BSO) (United Kingdom). Participation in the study was voluntary and did not impact on the ability of the students to receive their grades nor graduate from their program of study. Results from this study were not used for employment or promotion decisions nor made available to the clinical teachers' supervisor, however copies of the anonymous student responses were provided to the individual clinical teacher upon request. Consent to participate in the study was implied upon the return of a completed questionnaire.
Participants
Students in the final two years of the programs at VU, SCU, Unitec, and the BSO were invited to participate in the study. These students were completing the clinical practice requirement of their respective programs and were at similar stages in their clinical training. Students received an email via their university email address. They were informed of the study and encouraged to complete a questionnaire for each of the clinical teachers whom they had worked with in the period July 2014 -December 2014 (VU and SCU), and March 2015 -July 2015 (Unitec and BSO). The clinical teachers at each institution also received an email informing them the study was taking place. Students were not required to identify themselves on the questionnaire.
Data collection
Students completed version 2 of the Osteopathy Clinical Teaching Questionnaire (OCTQ) [16] (Additional file 1) during their scheduled clinic placement time. The OCTQ (version 2) is a 33-item questionnaire that contains 30 items evaluating different aspects of the clinical teachers' performance across 5 factors: learning environment; modelling; feedback; patient management; and reflective practice. There are also 3 global rating items (Additional file 1). Each item is anchored with the statement "This Clinical Educator…" and rated on a scale of 1 (strongly disagree) to 5 (strongly agree) with a neutral category (option 3). The students were asked to complete the OCTQ (version 2) for each of the clinical teachers they had worked with, basing their responses on the entirety of their interaction with the teacher for the relevant teaching period and not focusing on a single positive and/or negative encounter with the teacher. Responses were anonymous -neither the student nor clinical teacher being rated were identified. The student was asked to indicate their gender and the gender of the clinical teacher being rated as previous research has identified that student and teacher gender can influence responses to clinical teaching questionnaire items [24] . The institution where the questionnaire was completed was also noted.
Data analysis
Descriptive statistics were generated in R [25] using the psych package [26] .
Rasch analysis
Data were entered into Microsoft Excel for Mac then exported to RUMM2030 [27] for Rasch analysis (RA). The target construct in the present study is the quality of clinical teaching provided by osteopathy clinical teachers. As each OCTQ (version 2) item was scored on a 1-5 scale the polytomous Rasch model was used for the analysis. Each step in the RA informed the next. Within each step, a number of statistical analyses were undertaken to determine the most appropriate action for the next step. Figure 1 presents the analyses undertaken within each step.
Rasch model fit
Overall model fit was first evaluated using the chisquare statistic and Bonferonni-adjusted p-value. Fit residual standard deviations (SD) were then used to evaluate the fit of the items and persons respectively to the Rasch model [18] along with Bonferonni-adjusted chi-square probabilities. The Person Separation Index (PSI) was calculated at each step. Differential item function was then evaluated for each item using the person factors institution, clinical educator gender and student gender. Person fit was evaluated using the fit residual statistic, with responses from misfitting persons removed from subsequent steps. Correlations between each of the items were evaluated to identify item combinations with residuals greater than 0.20 suggesting 'local dependence' [28] . To determine if the local dependence was impacting on the PSI, a subtest analysis was performed in RUMM2030. A reduction in the PSI with the subtest suggests the item combination is inflating this value and requires the removal of one of the items. The information from each of these analyses informed the next step (e.g. remove an item/person response, rescore an item). Once fit to the Rasch model was achieved, the PSI informed the number of possible strata that could be identified [29] . Given clinical teaching evaluation data are unlikely to be normally distributed [7] , the method described by Wright [30] to identify each strata was used.
This method included the addition of 10% to the standard error for each logit "…to allow for the unmodeled noise encountered in real data" (p. 786).
Dimensionality testing, reliability estimates and descriptive statistics
Multiple approaches were employed to evaluate the dimensionality of the questionnaire to ascertain whether the items were measuring the same latent construct. These approaches were PCA of the standardised residuals, and evaluating the number of factors to extract using methods for EFA.
Principal components analysis
Once a fit to the Rasch model was achieved through each of the analyses, a PCA of the standardised residuals was undertaken to derive the 'Rasch factor' or 'Rasch dimension'. An independent t-test was used to evaluate the difference between the items that loaded positively and negatively onto the 'Rasch factor'. The binomial confidence interval for the t-test was calculated in R [25] using the binom package [31] .
Number of factors to extract Parallel analysis (PA) [32] , eigenvalues, acceleration factor (AF) [33] and optimal coordinates (OC) [33] were the methods used to confirm the number of factors to extract. These procedures were performed using the psych (version 1.5.4) [26] and nFactors (version 2.3.3) [34] packages in R utilising the polychoric correlation generated using the polycor package (version 0.7-8) [35] .
Reliability estimates
Three reliability estimates were calculated using a variety of statistics in the psych package [26] in R [25]: Cronbach's alpha (α); and McDonald's omega hierarchical (ω h ) and total (ω t ) [36] [37] [38] . High ω h values suggest that general factor accounts for the total score variance supporting unidimensionality [39] , and values greater than 0.5 have been suggested to support the calculation of a total score for all scale items [40] . Omega subscale (ω s ) was also calculated for the subfactors identified when calculating the ω coefficient. Each of the reliability estimates were calculated using the polychoric correlation given the underlying data were ordinal in nature [41, 42] , and also calculated based on the raw data. The explained common variance (ECV) was also calculated to further evaluate unidimensionality. Higher ECV values support unidimensionality [39, 43] however there is no guidance as to an acceptable value [39] .
Results
Four hundred questionnaires were received. One questionnaire was not completed therefore 399 were available for analysis. Demographic data are presented in Table 1 . The category response frequencies were negatively skewed, however responses were observed for each item across the five response categories. The neutral Neither agree nor disagree response category was used, on average, 12% of the time suggesting the usefulness of this category.
Rasch analysis Overall Rasch model fit
The Likelihood ratio test was statistically significant (p < 0.001), subsequently the partial credit model was used for the Rasch analysis. Overall fit was significantly different to the Rasch model (χ 
Modifications to the model
Extreme and misfitting responses (n = 122) were removed. Once completed the overall fit remained significantly different to that of the Rasch model (χ 2 (150, N = 277) = 315.98, p < 0.001), the PSI (0.927), however the item fit residual mean − 0.34 (SD 2.09) and person fit residual mean − 0.27 (SD 1.11) all improved. Local dependence was observed for a number of items (Additional file 2). Two iterations of the analysis were undertaken to produce a fit to the Rasch model. The steps to produce this model are at Additional file 3 and the fit statistics were reviewed after each modification in order to determine the next step in the analysis.
Osteopathy Clinical Teaching Questionnaire (OCTQ) items were removed where they demonstrated misfit to the Rasch model, differential item functioning, or local dependence. Additional file 3 identifies the reasons for the removal of the items during the analysis. Item 30 Demonstrated osteopathic, clinical examination and rehabilitation knowledge and skill(s) required rescoring in order to improve its fit to the Rasch model, as Statistically significant chi-square probability (Bonferonni-adjusted p = 0.0003) respondents did not appear to be using the Strongly Disagree and Disagree responses in the manner predicted by the Rasch model. Figure 3 demonstrate the category probability curves pre-and post-rescoring.
Differential item function analysis
Uniform differential item function (DIF) was observed for institution ( Fig. 4) , clinical teacher gender (Fig. 4) , and student gender (Fig. 4) for item 14 Encouraged me to think. For gender, female clinical teachers received scores that were systematically lower than that expected by the Rasch model, and were significantly lower when compared to males across all of the class intervals. With regard to student gender, systematic differences existed between males and females across the class intervals however whether males or females selected higher responses was not consistent.
Other items that demonstrated DIF through each iteration included item 19 Encouraged questions and active participation and item 28 Encouraged me to assume responsibility for patient care. In order to ensure that the items on the modified OCTQ were applicable to a range of teaching institutions and free from gender influence, any item demonstrating DIF was removed. Those items demonstrating local dependence were analysed using a subtest to examine whether they were inflating the PSI value, and one item removed (Additional file 3).
Final Rasch model
Fit to the Rasch model was achieved by removing 18 items, rescoring item 30, and removing misfitting 153 responses in total comprising 122 at the initial analysis and 31 misfitting responses identified during the subsequent Table 3 and the threshold map at Fig. 5 . There is a spread of item location values that represent different levels of a single latent construct ( Table 3) .
The mean person location logit was 2.44 suggesting that respondents used the higher options of the 1-5 scale for each OCTQ item. The item-person map and the itemthreshold distribution are shown in Figs. 6 and 7 respectively. The item-threshold distribution shows that the OCTQ item scale covers a range of possible options on the 1-5 scale, and largely covers the responses provided in the present study. The questionnaire may be subject to a 'ceiling-effect' however.
No item in the final model demonstrated DIF or local dependence. The PSI was 0.827 suggesting that approximately 83% of the variance in the observed score on the final 12-item questionnaire is due to the true variance in a students' perceived quality of teaching provided by a clinical teacher. The remaining 17% is classified as error variance. The PSI also indicates that 3-4 strata could be identified [29] .
The 'Rasch factor' or first component of the PCA accounted for 17.13% of the variance, suggesting the questionnaire is unidimensional. The PCA/t-test identified twelve responses where the t-tests were significantly different between the OCTQ items that loaded positively and negatively (Table 4) onto the 'Rasch factor' (p = 0.04, 95% CI 0.021-0.085). As the 95%CI (calculated using the 11 statistics in the binom R package) contains the value of p = 0.05, this provides further evidence to support the unidimensionality of the 12-item questionnaire.
Factor extraction
Additional support for the unidimensionality of the 12-item questionnaire was obtained from the four methods used in EFA to determine the number of factors to extract. Using the data from the 399 completed questionnaires and the subsequent polychoric correlation of this data, all four methods suggested one factor should be extracted (Fig. 8) . All valid responses were used in this analysis to ensure the accuracy of the result.
Reliability estimates
Reliability estimates for the 12-item OCTQ (Table 5) using the polychoric correlation were slightly larger compared to the raw data, consistent with Revelle's [44] suggestion that ω h can be overestimated with polychoric correlations. All of the reliability estimates, regardless of whether the raw data or polychoric correlation was used, were well above an acceptable level of 0.80 suggesting less than 20% of the variance is measurement error. This level of measurement error is consistent with the PSI.
With regard to ω, the ECV for the general factor (g) was 82% (raw data) and 84% (polychoric correlation), again consistent with the PSI. All items correlated substantially higher with the general factor (0.70 or higher) than with the two subfactors (0.4 or less) (Additional file 5) thereby supporting unidimensionality and the appropriateness of the calculation of a total score.
Descriptive statistics
The descriptive statistics for the 12 items in the modified OCTQ are presented in Table 6 . All items had a mean value greater than 4 (except for item 30 as it was rescored) and the median value for each item was 4 or 5. As the modified OCTQ was unidimensional, the calculation of a total score for the questionnaire is permissible ( Table 6 ). The total possible score for the 12-item OCTQ is 59. The scoring structure and strata for each score is presented in Additional file 6.
Discussion
The present study was designed to further evaluate the construct validity of the Osteopathy Clinical Teaching Questionnaire [16] using Rasch analysis. Tennant et al. [20] advocate the use of Rasch analysis in the development of unidimensional measures in the health sciences, and this type of analysis has previously been utilised to examine a questionnaire related to the clinical education of health profession students [22] . Given an acceptable fit to the Rasch model was achieved after modifications, it is reasonable to conclude that these the 12-item OCTQ demonstrates the properties of invariant measurement. Further, the calculation of a total or summed score for the OCTQ is valid [46] [47] [48] .
Overall Rasch model fit

Modifications to fit the Rasch model Person misfit
Work by Curtis [49] has demonstrated that "…the inclusion of responses that underfit the Rasch measurement model, and that may reflect carelessness in responding, increase the standard errors of item estimates, reduce the range of item locations on the scale, and reduce the inter-threshold range within items" (p. 141). Further, Curtis's work suggests that approximately 30% of respondents to an attitude survey may misfit (over-or under-fit) the Rasch model and require removal. This is consistent with the present study where 38% of the responses misfit the Rasch model. One example of why a response may be removed is that the participant circled all 5 s (strongly agree) for each item albeit that they are unlikely to strongly agree with each item [49] . By removing these responses in a systematic manner (Additional file 3), a fit to the Rasch model can be achieved.
Item misfit
Eighteen items did not fit the Rasch model at various stages during each iteration and were removed from the analysis in order to improve fit (Additional file 3). Both poor fit residuals and significant Bonferonni-adjusted chi-square values were observed initially for items 24 Identified areas needing improvement, and 25 Identified my strengths (Additional file 3). The wording of these items may have contributed to the misfit in that they are not specific to the feedback being provided by the clinical teacher as a part of their workplace learning, and rewording may improve their fit. Item 27 Promoted keeping of medical records in a way that is thorough, legible, efficient and organised demonstrated fit issues as observed on the ICC and the category probability curve, suggesting the item is measuring a construct that is inconsistent with the other OCTQ items. Respondents are being asked to make a judgment about the clinical teacher on a number of aspects of record keeping within the one item (i.e. thoroughness, organisation, efficiency), and this may be contributing to the misfit.
Item modification to achieve model fit
A strength of the Rasch measurement approach is the ability to rescore then reanalyse the fit of the item to the model [17, 50] . This approach can ensure that items that measure the latent construct are not removed when they can be modified to ensure a fit to the Rasch model. Respondents in the present study did not appear to be using the Strongly disagree and Disagree categories for item 30 Demonstrated osteopathic, clinical examination and rehabilitation knowledge and skill(s) -only 9 respondents (2%) used these categories. Although there was only a small number in each category, the responses to this item were inconsistent with that expected by the Rasch model. This item did not demonstrate misfit even though the thresholds were not being utilised in an ordered manner, a possibility identified by Hagquist [51] . Threshold disordering can introduce "…noise into the measurement" ( [52] , p.4733) and needs to be resolved either through removing the item or rescoring so that "… the threshold estimates located on the latent trait must appear in the same order as the manifest categories" ( [51] , p.514). It was appropriate to collapse the Strongly disagree and Disagree categories together as respondents are providing a negative response to the item regardless of which of the two categories they select. Item fit statistics improved with the rescoring of this item [18] . There are two important elements to note: 1) the item still has five categories on the questionnaire itself, it is only the scoring of the item during an analysis that changes (Additional file 6); and 2) it is not possible to collapse two categories together that do not make sense (i.e. collapse disagree with the neutral response category).
Differential item function
The presence of differential item function (DIF) violates the assumption of invariant measurement. Multiple items demonstrated DIF for institution, clinical teacher gender, and student gender in the present study. It is possible for one item demonstrating DIF to influence the fit of other items to the Rasch model [47, 51] . Item 14 Encouraged me to think demonstrated systematic differences for the same level of the underlying trait with regard to the three person-factors investigated. This systematic difference is termed uniform-DIF and given its presence across the three person-factors (institution, clinical teacher gender, and student gender). Pallant and Tennant [18] suggest such items are candidates for removal. None of the items in the present study demonstrated 'artificial DIF' [47] . No item in the 12-item OCTQ demonstrated either uniform or non-uniform DIF, meeting one of the assumptions of invariant measurement [47] . The analysis in the present study demonstrates that some items used in clinical teaching evaluations are affected by DIF and authors of subsequent evaluations should consider investigating the presence of DIF in the items contained within their questionnaire.
Person separation
The OCTQ PSI is acceptable and is sufficient to separate different levels of the underlying trait as perceived by the respondents [53] . A PSI of 0.85 or greater is reported to indicate a questionnaire is appropriate for decisionmaking about individuals (clinical teachers in the present study) [54] and the value of 0.827 in the present study suggests that the OCTQ could be used to make these decisions. This PSI value indicates there are likely four strata for the OCTQ [29] -this information could provide a degree of certainty in the decision making process. Such support is valuable, particularly where lower performing clinical teachers are identified for remediation by providing a statistical basis for the decision. Clinical teachers with a total OCTQ score of more than 32 are likely performing at an appropriate level as this value relates to the 4th strata (Additional file 6).
Conversely, educators with a total OCTQ score of 25-32 (3rd strata) could be assisted with formal professional development activities or mentoring.
Binomial dimensionality testing & factor extraction
One of the strengths of the current study is the evidence-informed approach to the testing of the dimensionality of the OCTQ. Following the suggestions of Hagell [55, 56] and Engelhard Jr. [45] , multiple methods were utilised to investigate the dimensionality of the OCTQ. The 95% confidence interval for the t-test between the items that loaded positively and negatively on the 'Rasch factor' contained the p-value of 0.05. Further, the number of factors to extract using the four extraction calculations was one, supporting the argument that the 12-item OCTQ is unidimensional.
Reliability estimates
Further evidence for the unidimensionality of the OCTQ is provided through the ω and α values being well over the accepted value of 0.80. Although it has been suggested that the upper limit for α should be 0.90 [57] and values greater than this may indicate item redundancy [58] , the fact that none of the 12 OCTQ items demonstrate local dependency (r < 0.20) suggests item redundancy is unlikely to be an issue.
McDonald's ω h [59] was also calculated for the OCTQ in order to investigate whether the items correlated more strongly with a general factor versus subfactors, and this was the case as evidenced by the path diagram at Additional file 5. ω t is the estimate of the total reliability of a questionnaire including both the general factor and subfactors [44, 60] . The ω t value in the present study is consistent with the Cronbach's α value. Both the α and ω values suggest that over 94% of the total questionnaire score variance is due to all the factors in the model (both general and subfactors). ω h on the other hand has been reported to be the most appropriate reliability estimation method [37] and represents the total questionnaire score variance due to the general factor or latent trait being measured [60] . In the present study over 85% of the total OCTQ score variance is due to the general factor as evidenced by ω h values of 0.86 and 0.89 for the raw data and polychoric correlation respectively. These values are well above the 0.50 suggested by Revelle [40] and 0.70 suggested by Hermsen et al. [60] , supporting the argument for unidimensionality of the OCTQ. Further support is provided by a large explained common variance (ECV) of 0.82 or 82% for the general factor using the raw data, and 84% for the polychoric correlation. The present study utilises multiple methods to provide evidence for the unidimensionality of a Rasch-derived measure.
Targeting
The targeting of the thresholds of the OCTQ items covers a range of levels on the latent trait, particularly in the middle and lower ends of the scale. This targeting potentially allows the OCTQ to be used to identify clinical teachers who are perceived by the students to be performing suboptimally [61] . That said, respondents in the present study typically rated their clinical teachers highly, and this is consistent with reviews by Beckman et al. [62] and Fluit [7] on the validity evidence of clinical teaching evaluations. This potential ceiling effect is demonstrated by the mean person location value of 2.45. Whether this ceiling effect could be, or should be, reduced through modification of the response options is a matter for debate, as some of the clinical teachers in the present study could already be performing highly [61] .
Support for the accuracy of the item and person location values is provided by the fact the initial 399 responses, and final 246 responses that demonstrated fit to the Rasch model, are greater than the sample size suggested by Linacre [63] and Pallant and Tennant [18] . Work by Linacre [63] suggests that a sample size of 243 will provide item and person location values that are accurate, regardless of the targeting of the scale.
Developing the validity argument
The framework proposed by Kane [23] covers four stages: scoring, generalisation, extrapolation and implications and requires an initial definition of the latent construct under consideration. In the present study the latent construct is quality of clinical teaching provided in osteopathy on-campus, student-led clinics. Previous work has provided evidence to argue for the validity of the scores derived from version 2 of the OCTQ [16] , particularly the scoring and generalisation arguments. The present study strengthens the scoring argument by evaluating the fit of the items and responses to the Rasch model, producing a questionnaire that meets the assumptions of invariant measurement. The unidimensionality of the OCTQ also provides a total score to estimate the latent construct thereby satisfying the requirements of a sufficient statistic, and provides further evidence for the scoring argument. The method by which the OCTQ is scored, along with the raw score-toRasch score conversion, is presented in Additional file 6. The total score (calculated by adding up each of the 12 items on the OCTQ) can be converted from an ordinal level raw score to a Rasch-derived interval level score that can be used in parametric statistical analyses. This data can then be used to evaluate the impact of faculty development activities, or track changes in clinical teacher performance over time.
The generalisation argument is also strengthened in that responses were collected from multiple students, rating multiple clinical teachers, at multiple institutions, in multiple countries. Initial development of version 2 of the OCTQ was focused on one institution, and the inclusion of institutions from New Zealand and the United Kingdom, in addition to Australia, progresses the generalisation argument. The evaluation of DIF, and subsequent removal of items that demonstrated this feature, provides evidence for the generalisation argument in that no item in the 12-item OCTQ produces different responses according to student gender, clinical teacher gender or institution.
Initial evidence for the extrapolation argument is also provided in the form of the OCTQ total score and item thresholds. The total score can be used to make judgements about the performance of a clinical teacher based on a students' perception, and given the fit of the items to the Rasch model their thresholds can be used to differentiate between levels of clinical teacher performance at item level. These inferences are also supported by a PSI of over 0.80 for the OCTQ. Support for the implications argument is also presented in the form of the four statistically discrete strata that separate clinical teacher performance. By applying these strata, program administrators may be able to identify clinical teachers who would benefit from professional development activities or mentoring, as well as identifying those performing at the required level.
It is important to note that those elements described above are only parts of the validity argument, and not the argument as a whole. Further work is required to provide evidence for other aspects of Kane's argument, particularly generalisation and implications, and this will be the subject of subsequent investigations using the 12-item OCTQ.
Limitations of the study
Although the number of responses received was sufficient to undertake a Rasch analysis, the generalisability of the OCTQ is potentially limited to Australia, New Zealand and United Kingdom osteopathy teaching institutions. Further work would be required to argue for its use in teaching institutions in continental Europe, particularly around the validity of translations. There is also likely to be a degree of profession specificity in that the OCTQ has only been tested in the osteopathy profession. That said, it is possible that the questionnaire could be applied in other on-campus, student-led clinical teaching environments in professions such as chiropractic and podiatry, with only minor modifications. This assumption requires further testing. Item removal and modification was based both on the various fit statistics produced by RUMM, and the opinion of the author. Possible reasons for the removal of the 18 items from the OCTQ could have been explored through the use of a qualitative approach (asking students why they answered items in a particular way), either confirming the removal of the item or suggesting modifications for further testing. Further research is also required to investigate the relationship between the OCTQ and student age, and year level in their respective programs. Additionally, the influence of clinical educator demographics on OCTQ scores provides another avenue for investigation.
Conclusion
The preceding analysis and discussion has provided further evidence to support the developing validity argument for the scores derived from the OCTQ, consistent with Kane's approach to validity [23] . The present study has provided evidence to argue for the construct validity of a 12-item version of the OCTQ. The OCTQ is the first clinical teaching evaluation questionnaire to be developed using Rasch analysis during its initial stages, ensuring that it meets the assumptions of invariant measurement. Fit of the OCTQ items to the Rasch model and unidimensionality were achieved. Further evidence of unidimensionality was demonstrated through the omega hierarchical reliability estimate. The use of five response categories (Strongly disagree to Strongly agree) for 11 of the 12 items in the final version of the OCTQ is also supported by their fit to the Rasch model. Together this information supports the validity of using the total OCTQ score as a sufficient statistic representing the latent construct of clinical teaching quality in osteopathy.
Items were included in 4 of the 5 factors identified by Vaughan [16] in the initial development of the OCTQ. The learning environment, feedback, reflective practice and modelling factors all contributed items to the 12-item
